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Pole and Post Buildings

A pole or post utility building is a versatile and eco-
nomical structure that can be used to store machinery or
shelter animals. Other uses include boat sheds, fair
exhibit buildings, corn cribs, horizontal silos, hay barns,
shops, utility sheds, covered feed bunks, lumber sheds,
warehouses, roadside stands, cabins and airplane hang-
ers. One or more sides may be left open for a simple
low-cost shelter. Pole-type buildings range in size from
simple 10" x 12’ shelters to large clear span buildings
100" wide and several hundred feet long with 24’ high
sidewalls.

Pole buildings are most often built as low cost unin-
sulated shelters for multiple use. The pressure preserva-
tive treated rectangular posts or round timber poles that
are set in the ground transfer the snow, wind and other
loads on the building into the ground. (Figures 1 and 2)

Figure 1. Post Building with Trusses

This handbook will help you design and construct a
pole-type building. The information is particularly useful
where professional engineering design help is not
available. However, a consulting agricultural engineer
can plan for your specific needs and often reduce
construction costs. The information is based on engi-
neering data and experience with agricultural buildings;
it does not meet all requirements of some building codes.
Check with local officials about specific building
ordinances.
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Figure 2. Pole Building with Rafters
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e Advantages

e Pole-type construction is generally simpler, easier,
faster and less expensive to build than other types of
construction.

e No massive or continuous foundation is needed.

e Site preparation is minimal. Pole buildings can be built
with less disturbance to sloping ground.

e Pole buildings are built in units (bays or bents) that
can be lengthened when more space is needed.

¢ Poles or posts support the roof, so sides can be left
open for easy access.

e Limitations

e Rocks and ledge may limit the depth of poles and
make other foundations desirable or required.

e Pole utility buildings are rarely more than one story
high.

e Generally the cost and availability of poles and wood
roof trusses limit sidewall heights to 20" and clear
spans to 60'. Greater heights and spans require more
exact design and experienced builders, so construc-
tion costs per square foot may increase.

e Insulated pole buildings with interior linings can be as
expensive as conventional construction with stud walls
and concrete foundations.

MACHINERY SHED

Site Selection
and Drainage

e e e e

Ideally any building should be located on a well drained,
nearly level site that is convenient to other buildings.
Ease of access may be more important than the ideal
site, however. The building can be located to give wind
protection, to capture winter sun or summer breezes,
and to screen animal exercise and feed lots from view.
(Figure 3)

Consider drifting snow as well as wind protection when
locating the building. In many areas buildings are
oriented to protect against winter storms that come from
the northwest. Check conditions locally as severe storms
may come from other directions. A building open to the



Figure 3. Farmstead Plan
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Water seepage from an excavated hillside can be diverted
with an interceptor trench. A 3’ deep trench, sloped 1%
with 4’ tile laid in gravel or crushed stone and covered
with 2' of gravel and 6" of earth will work. The gravel
base beneath the tile maintains a true slope without sags
and rises. Tile may be crushed beneath traffic lanes, so
use steel culverts or cast iron pipe where drain is crossed
by heavy equipment. (Figure 4)

Figure 4. Site Selection and Drainage

south and with proper roof overhang receives winter
sunshine and is shaded from hot summer sun. Also
orient the building ridge east-west to reduce exposure to
summer afternoon sun.

When choosing a site, allow for expansion which may
double the size of the building. Also space buildings 50’
to 75" apart to reduce the spread of a possible fire, to give
room to fight a fire and, in some cases, to reduce insur-
ance rates.

If possible, avoid a site with rocks or ledge where special
anchorage is needed. Digging a few holes to see if posts
can be set 4' deep might help plan construction.

Topsoil is usually removed for later use and finish
grading. It is replaced with less valuable fill to help keep
water away from buildings. To keep floors high and dry,
place an extra 6" of fill under and around buildings.

Grade the surrounding area with a 3-5% slope to drain
away from the building in all directions. Diversion
terraces intercept surface drainage and divert it from the
building site. Locate the terrace 50’ or more from the
barn so it does not interfere with traffic.
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Materials

Poles or Posts

A round pole with natural taper is usually more econom-
ical, stronger and available in longer lengths than sawn
timber posts. Machines peel the bark and trim knots
flush with the surface of poles. They are seldom uniform
in size and taper, so straight and plumb walls can be
difficult to construct. The natural taper of poles provides
a greater butt area for bearing and a larger cross section
close to the ground where the greatest bending stress
occurs.

Poles are divided into classes based on their top circum-
ference. They range from class 7 with a 15" top circum-
ference to class 1 with a 27" circumference. Larger,
heavy class poles up to H-6 or 39" circumference are
seldom used for agricultural buildings. Poles 8' to 20’
long are available in multiples of 2' lengths. Longer poles
are available in 5’ increments.

The uniformity of sawn timber posts makes stacking and
transportion easier than with poles, thus saving ware-
house space and handling costs. Construction is normally
faster since the uniform posts are easier to line up and
connect to other structural members. In addition, many
people prefer the straight, uniform appearance of posts.
Pressure treated posts larger than 6''x8"' and longer than
30’ are difficult to find. Common sizes of 4x6 (3.5''x5.5"),
6%6 (5.5''x5.5"") and 6x8 (5.5 x7.5") in lengths to 20" are
in stock at many lumber yards.

Poles and posts act both as columns and projecting
beams which are restrained in the ground and by
framing and roofing at the top. As columns they must
resist both crushing and buckling. To prevent buckling,
bracing is used. When properly braced, wood posts will
safely carry 1000 pounds for each square inch of cross
section. For example, a well-braced 3.5''x3.5" post, can
carry 12,200 Ibs, or a load that equals a uniform load of
40 pounds per square foot spread out over an area of 300
square feet. The vertical column load is less critical than
the loads carried by through connectors and fastenings,
especially where girders and trusses are fastened to
posts and poles.

Round poles loaded as beams will take greater stress
than sawn timber posts. Poles of Western Larch,
Southern Pine, Douglas Fir, Western Hemlock, Red or

Norway Pine and Jack Pine have an allowable bending
stress of 2100 psi or greater. The allowable stress for
sawn timber posts is 1500 psi, nearly 30 percent less
than for poles. If it is necessary to substitute poles for
posts or vice versa, use Table 1 to select the proper sized
substitute. Usually a building has fewer posts across it
than along it; so the larger dimension of the post
counters sidewall winds at right angles to the ridge.

Table 1. Sizes of Posts and Poles with the same Bending
Resistance

LOAD

L =X

Equivalent Pole Size

Bending Ground Line

Post Size Resistance Circumference Diameter
(in x in) (ft-Ibs) (in) {in)
55x95 10300 26.5 8.4
75x75 8800 251 8.0
6.0 x 8.0 8000 243 7.75
55x75 6400 226 7.2
6.0 x6.0 4500 20.1 6.4
55x55 3500 184 6.0
40x6.0 3000 17.6 5.6
35x55 2200 15.8 5.0
40x4.0 1300 134 43
3.5x35 900 117 3.75

Note: Bending resistance is proportional to the width and to the
depth squared.

Pressure Treatment

e m———— e

Wood in contact with soil must be treated with a preser-
vative to prevent rotting. The pressure preservative
treatment process (PPT) uses large pressure vessels to
force chemicals into the wood. This treatment gives
wood excellent resistance to termite attack and decay.
Service life of over 50 years is common for PPT treated
wood. Oilborne chemicals and water-borne salts are two
major groups of wood preservatives. Cleanliness, paint-
ability, color and odor are factors to consider when
choosing a preservative treatment.



Creosote, used since 1838, is very effective against
decay and termite damage. Creosote has a pungent odor

™ and tastes bad. Itis often used for horse stalls and fences

to discourage animals from chewing on the wood. Iliness
from eating creosote has not been reported, although it
can irritate the skin. Creosote tends to bleed from treated
wood, so painting is difficult without washing or weath-
ering the surfaces. Cleaner treatments are generally
replacing creosote and pentachlorophenol in oil treat-
ments.

Pentachlorophenol has been used since the 1930's and
extensively since World War II. Penta in heavy petroleum
oil is best for preservation, but is not paintable. Penta
dissolved in light petroleum solvents is fairly clean and
paintable.

During 1976-77 in Michigan, eight dairy herds with
extensive health problems were quarantined after penta-
chlorophenol was identified in tissue cultures and dioxin
was suspected as a toxic contaminant in the penta. No
other reports of animal iliness from penta are known.

Water-borne salt preservatives include salt compounds
of arsenic, chromium, copper and zinc. These preserva-
tives are suitable where clean, odorless and paintable
surfaces are necessary. Water, ammonia, or volatile
acids are used as carriers of dissolved salts. The carrier
evaporates after the treatment, leaving the dry salt within
the wood.

The type and amount of preservative used varies with
conditions of use, species of wood and, sometimes, the
thickness of lumber. Timber piles subject to marine borer
attack need more preservative than land or fresh water
foundation piles. Lumber in contact with soil needs more
preservative than lumber above ground. Softwood species
and sapwood is easier to treat than hardwood and
heartwood.

Structural poles and posts treated with chromated copper
arsenate (CCA) or ammoniacal copper arsenate (ACA)
are approved by the American Wood Preserving Associa-
tion. Trade names for these treatments include Chemo-
nite, Erdalith, Greensalt, Langwood, Boliden CCA,
Tanalith NCA, Tanalith Oxide B, Koppers CCA, Osmose
K-33, Chrome-As-Cu (CAC), Wolmanac CCA, and
Woodlast CCA. Waterborne salts like acid copper
chromate (ACC), chromated zinc chloride (CZC) and
fluorchrome arsenate phenol (FCAP) are not recom-
mended for soil contact because the chemicals may
leach from the post.

Currently many lumber yards carry lumber treated with
0.4 pcf CCA for above ground or non soil contact use. Its
service life when in contact with soil is not known. Test
stakes treated with less than 0.6 pcf CCA or ACA do not
last well in contact with soil. After 25 years in Mississippi,
10% of the test stakes with 0.44 pcf CCA showed termite
damage.

SHEEP and LAMBING SHED

Table 2 summarizes the amounts of preservative that
should be retained in wood used on farms as recom-
mended by the American Wood Preservers Association
Standard C 16-82. Special orders may be needed to get
lumber with recommended treatments. Lumber that is
stamped with the American Wood Preservers Bureau
initials complies with the industry's quality standards.
Presently, most water-borne salt treated posts, almost no
penta treated lumber and no poles are AWPB stamped.
(Figure 5)

Table 2. Recommended Minimum Preservative Retention for
Wood use on farms, Ib per cubic foot.!
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Round Poles as structural members
Southern Pine, Ponderosa Pine 75 038 NR 06 08

Red Pine 105 053 NR 06 06
Coastal Douglas-Fir 90 045 NR 06 06
Jack Pine, Lodgepole Pine 120 060 NR 06 06

Western Red Cedar, Western
Larch, Inter Mountain
Dougtlas-Fir 160 080 NR 06 06

Posts, Sawn Four Sides as
Structural Members

All softwood species 120 060 NR 060 0.60
Lumber, All Softwood Species

In contact with Soil 100 05 0.62 040 0.40

Not in contact with soil 80 04 025 025 025
Plywood

In contact with soil 100 05 0.62 040 040

Not in contact with soil 80 04 025 025 0.25

Foundation NR NR NR 0.60 0.0
Greenhouses

Above ground NR NR NR 025 025

Soil contact NR NR NR 040 040

Structural Posts NR NR NR 060 060

'As recommended by the American Wood Preservers Association.
Standard C 16-82.
NR - Not Recommended




Figure 5. American Wood Preservers Bureau Stamp
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CAUTION

All preservative chemicals are toxic and treated
wood should not be used where there is danger of
contaminating food or animal feed. Handle pre-
servatives and treated wood with care. Preserva-
tives that contact the skin may. cause rashes and
burns, especially creosote in hot weather or wet
pentachlorophenol. The solvents or carriers may
contain napthalene or other vapors which irritate
the eyes and respiratory tract. Keep baby pigs and
other young animals away from freshly treated
wood. Creosote and pentachlorophenol seriously
injure plants, so copper salt preservatives, typically
green in color, are recommended in greenhouses.

Lumber

e ——— - __———————
® Species
Common eastern softwoods include:

Eastern Spruce such as Red, White and Black spruce
Balsam Fir

Eastern White and Northern Pine including Jack, Pitch,
Norway and Red pine

Eastern Hemlock and Tamarack

Northern White Cedar

Aspen including Bigtooth and Quaking Aspen which are
“soft” hardwoods.

Western woods include:

Douglas Fir-Larch
Lodgepole, Ponderosa, Sugar and White Pine
Engelmann Spruce - Alpine Fir

Mountain and Western Hemlock
Sitka Spruce

Western Cedars

Redwood

Various species of Southern Pine are used extensively
for construction. Several softwood species are marketed
mainly in combinations or groups. Douglas Fir-Larch,
Southern Pine, Hem-Fir and Spruce-Pine-Fir represent
typical combinations.

® Sjze

Lumber is sold by nominal size. Most commercial lumber
is dressed or planed smooth so it is 1/2" to 3/4" smaller
than the nominal, or rough sawn, size. Table 3 lists sizes
of commonly available construction lumber.

Table 3. Nominal and Surfaced Sizes of Dimension Lumber
and Timbers.

Dimension Lumber & Timber Size, in x in

Nominal Size Actual Size
DIMENSION LUMBER 2x4 1.5 x 3.5
2x6 15x55
2x8 15x7.25
2x10 1.5 x 9.25
2x12 15x11.25
4x4 3.5x35
4x6 35x55
TIMBERS 6x6 55x55
6x8 55x75
8x8 75x75

A board foot is the unit of measurement of lumber.
Multiply the nominal thickness by the nominal width in
inches by the length in feet and divide by 12 to obtain the
number of board feet in a piece of lumber. (W*'xT""xL'
+12=Board Feet)

Lumber is commonly available in 8' to 20’ lengths in 2
foot multiples. Longer lengths are available, but cost
more. Nominal thickness is basically as follows:

Boards - Lumber less than 2" thick.

Dimension - Lumber from 2" to less than 5" thick.

Timbers - Lumber 5" or thicker in the smallest dimension.

e Grades

Lumber is classed as 1) stress-graded, 2) non stress-
graded and 3) appearance lumber. Most softwood
dimension or framing lumber is visually stress graded but
increasing amounts are machine stress rated. Other
stress-graded products include timbers, posts, stringers,
beams, decking, and some boards.

Stress-graded dimension lumber is used as framing
lumber for girders, rafters, girts, purlins, and bracing,



where strength, stiffness and uniform size are important.
Usually, only one or two of the general purpose con-
struction woods such as Douglas Fir, Hemlock or Spruce
are stocked in retail yards.

An example of how visually graded softwood dimension
lumber is classed by thickness, width and grades related
to bending strength is shown in Table 4. Use number 2
or better grades of lumber for rafters, joists or truss
members that support a load. Use dry lumber for
construction. Green, undried lumber warps as it cures
and often causes wavy eaves, roofs or sidewalls.

Table 4. Bending Strength of typical dimension lumber
according to Size Classification and Grade.!

Bending Strength, Ib/sqin

Douglas Fir Eastern Hemlock,
Size Classification?Commercial Grade Southern Pine Northern Pine

Structural Light  Select Structural 2100 1800
Framing, 2" to 4" No. 1 1750 1500
wide No. 2 1450 1250
No. 3 800 700
Light Framing, 4" Construction 1050 900
wide Standard 600 500
Utility 275 250
Stud (10’ or less) 800 700
Structural Joists  Select Structural 1800 1550
and Planks, 6 No. 1 1500 1300
and wider No. 2 1250 1050
No. 3 725 625

'Adapted from the National Design Specification for Stress-Graded
Lumber and its Fastenings.
2All sizes 2 to 4” thick.

Some lumber is stress rated by a machine which
measures its stiffness or modulus of elasticity. A stiff
board, or one with a high modulus of elasticity is
stronger than one with a low moduius. Usually machine
stress rated lumber is more uniform in strength than
visually graded lumber. It normally must be special
ordered.

Non stress-graded lumber does not have assigned
strength properties and is used in construction as
boards, battens, siding, shelving or paneling.

ROADSIDE STAND

® Ungraded Lumber

Sometimes ungraded lumber is available from a local
sawmill. Select lumber for strong structural members by
using the following selection guide. This method will
eliminate the weakest pieces, or about 25% of a normal
lot of ungraded lumber.

1. Select lumber with knots or knotholes with a diameter
smaller than one-quarter the nominal width of the piece.

Table 5. Maximum Recommended Knot Size.

Maximum
Recommended
Lumber Size Knot Size
2x4 - 1"
2x6 - 11/72"
2x8 2x10 2 x12 - 2"

2. Reject pieces with 2" or larger knots

3. Reject rotted, split, checked, warped, or undersized
pieces.

4. Reject cross grain that slopes more than 1 in 10.

Avoid grain slope greater than 1 in 10

5. Avoid knots along the edge of the middle half of the
lumber.

Avoid knots here

Only small
knots here
Middle Half

Weaker pieces of native lumber can be used for sills,
braces, studs, pens and partitions.

Roof Trusses

Roof trusses, either prefabricated or built on site, provide
economical clear-spans from 20" to 60’ wide. Wood roof
trusses for single spans exceeding 80’ need special
design, are costly and are difficult to ship and handle.

Combinations of gable trusses in the center and single
slope trusses for one or both sides are often used for



wider buidings. Simple wood rafters are economical for
spans up to 20'. Interior supporting poles and girders are
needed for wide buildings without trusses. Truss style
varies with span and design load. (Figure 6)

Figure 6. Common Truss Configurations
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Single Slope (Mono pitch)—Spans 20’ to 35"

Scissors —Used where high center clearance is
desired. Spans 20’ to 40

= .

Fink (W)—A popular, efficient design for
spans of 20" to 50'.

p — e,

Howe —Spans 20’ to 50’ for heavier ceiling
loads than carried by the Fink truss.

AN
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Pratt —Spans 20’ to 60'. For use with or
without ceilings.

Belgian. (Double or Triple Fink)—Spans up to 80".

Bowstring —Generally used for spans from 40’ to
120°.

e Slopes and Spacing

Roofing sheets and shingles shed snow and rain better
with slopes greater than 3 in 12. For worker safety and
economy, slopes are limited to 6 in 12. Roof trusses are
commonly spaced 2' or 4’ apart; although spacing may
be increased to 8 or more. Wider spacings require
stronger trusses and roof purlins, so professional design
is recommended. Usually stress-graded Douglas Fir or
Southern Pine dimension lumber is selected for truss
construction due to its high strength and ability to hold
fasteners.

e Fasteners

Trusses may be joined with nailed gussets, glued and
nailed gussets, bolts, split ring connectors or metal plate
connectors. Roof trusses can be built on the job site, but
quality control is difficult, especially if glue is used.
Quality trusses manufactured in a shop under controlied
conditions are available in most areas. Many manufac-
turers use pressed metal plate connectors to provide an
economical roof truss with design and quality assurance
from the Truss Plate Institute.

® Ordering Trusses

When ordering trusses specify the loads to be carried,
service conditions and critical dimensions such as truss
span, overhang, roof siope and desired spacing. The
total roof load, usually between 20 and 40 pounds per
square foot (psf), includes both the snow load and the
dead weight of the roofing, purlins anad trusses.

Tell the supplier if the truss is to support a ceiling with
insulation, a roof deck with asphalt shingles, suspended
equipment or other loads which may require a stronger
truss. Also specify how the building will be used; live-
stock buildings, for example, often have a high moisture,
corrosive atmosphere which may weaken trusses.

Deeper trusses, like deeper girders, are stronger than
shallower trusses of ‘the same materials. Usually joint
connections are the weakest part of a truss—Ilarger
members do not always assure added strength. Larger
and stiffer gussets or splice plates strengthen a truss.

When the truss is in place the upper chord members are
loaded in compression and the bottom lower chord
members are loaded in tension. Gable trusses cannot be
inverted or installed upside down without high risk for
failure. Instead, use a properly designed single slope
shed truss for the required roof load.

inspect trusses upon delivery for sound lumber and tight
joints. Reject any questionable trusses. Truss members
may be cracked or their joints loosened during erection.
Handle trusses carefully and brace them as they are
erected so wind gusts will not blow them down.



Roofing and Siding
“
A variety of roofing and siding materials are suitable for
pole and post buildings. Aluminum sheets, galvanized
steel sheets, asphalt products or wood products are most
frequently used.

Nearly all roofing and siding materials are sold by the
“square” (100 sq ft). Sometimes a purchased square is
exactly 100 sq ft and does not include material for joints
or laps. Other materials are sold based on coverage so
the necessary overlaps are included. Check this differ-
ence when determining the cost of roofing and siding
materials.

® Metal Sheets

Ribbed or corrugated metal sheets provide channels for
drainage and have greater lengthwise stiffness for direct
installation on spaced roof purlins or wall girts. Alu-
minum and steel sheets up to 4’ wide with lengths from
8’ to 40’ are readily available. Both are available with
natural finish (silvery gray) or color coatings such as
baked-on enamels. (Figure 7)

Figure 7. Typical Sheet Metal Configurations

Lap at least 1 1/2 corrugations

White painted steel or aluminum roofing sheets reflect
solar heat and help buildings cool. In some livestock
shelters rigid insulation installed between the roofing
and roof girts reduces solar heat gain and interior
condensation. Of course any insulation should be pro-
tected from damage by birds or animals.

For more rapid building coverage buy fewer, large
sheets. On many buildings, with long sheets, an entire
side of the roof can be installed without end joints.
However, as temperature changes, metal sheets expand

and contract, stressing the fasteners. Limit the length of
roofing sheets to 24’ to minimize failures and roof leaks.

The ribs in metal sheets are commonly 1/2" to 3/4"
deep. Sheets with deeper ribs carry rain away better on
long slopes and allow supports to be spread farther
apart. However, before increasing purlin spacings, check
that the strength of the purlins is enough to support the
heavier load.

For best performance install corrugated metal sheets on
roofs with 3 in 12 slope or greater. This reduces flooding
of corrugations and seepage through the side or end
joints during heavy rainfall or snow melt.

Steel alloys are stronger, heavier and expand less with
temperature changes than aluminum alloys. Steel does
require durable coatings to prevent rusting. Zinc galvaniz-
ing protects steel from corrosion and varies in thickness.
Minimum zinc-galvanized coating standards from the
Zinc Institute, Inc. are 1.25 0z. and “Seal of Quality” or
2.00 oz. of zinc per sq ft of sheet. Exposure tests in rural
atmospheres show a useful life before “first signs of rust”
of 7 years for 1.25 oz. and 15 years for 2 oz. zinc coat-
ings. In industrial areas the useful life is reduced.

Aluminum plating, polyesters and other factory applied
enamel paints are now available to protect steel with
performance warranties up to 20 years.

“Seal of Quality” sheets are more expensive and may
require a special advance order for your building project.
Because zinc thickness cannot be measured by visual
inspection, look for the Zinc Institute seal or request a
written certification from the manufacturer.

Aluminim alloys oxidize and become less reflective with
age, but do not need coatings for weather protection.
Roofing sheets made from high strength aluminum or
steel alloys tend to be brittle. This brittleness causes
some alloys to crack or split rather than dent or bend if
hit too hard or if stepped on incorrectly.

Generally aluminum and galvanized steel covered roofs
require little maintenance, but keep lead, zinc, manure,
salt, and other corrosive materials away from them.
Instead install wood or concrete siding where corrosive
conditions occur.

Only use the special nails or screws with sealing washers
designed to fasten metal roofing and siding. Follow
manufacturers’ application instructions to reduce roof
leaks and corrosion. Dissimilar metals such as steel or
aluminum that contact each other corrode rapidly. Use
galvanized nails with lead heads or neoprene washers
with galvanized steel sheets and aluminum fasteners with
aluminum sheets.

Nails punch or depress the metal so nail through the top
or ridge of the corrugation for best performance and to
reduce leaks. Self drilling screws with flat sealing washers
may be power driven in the fiat or valley of the corruga-






